(12) 



UK Patent Application ^GB 



2 046 955 A 



(21) 
(22) 
(30) 
(31) 

(32) 

(33) 

(43) 

(51) 



(52T 



(56) 
(58) 



(71) 



(72) 



(74) 



Application No 8005832 

Date of filing 21 Fob 1980 

Priority data 

1S713U 

38667 

27 Fob 1979 

14 May 1979 

United States of America 

(US) 

Application published 

19 Nov 1980 

WTCL 3 

G05D3/12 

G01P3/36 

G06D3/20 

Domestic classification 
G3RA273A34BC23 
G1AA3C12C3 C8C9CE 
D10G17G18G1 G7G8 
P12P16P1P6R7S12S13 
S4T14T26T3T8T9 
G3N275277AE3X 
Documents cited 
None 

Held of search 

G3N 

G3R 

Applicants 

Optimetrix Corporation, 
600 BUs Street, 
Mountain View, 
California 94043, 
United States of America. 
Inventors 
Edward H. Phillips, 
RuedigerF. Rausfcoib. 
Agents . 

Optimetrix Corporation 



(54) Interferometrically controlled 
stage with precisely orthogonal axes of 
motion 

(57) A projection lens (26) is mounted 
between a movable stage and a station- 
ary holder (28) to project an image of a 
reticle (14) held by the holder onto a 
semiconductive wafer (12) held by a 
chuck (22) mounted on the stage. The 
stage Is movable along orthogonal X 
and Y axes In a horizontal plane to align 
different regions of the semlconductive 
wafer with the projected Image of the 
reticle. First and second movable plane 
mirrors (30, 32) fixedly mounted on the 
stage for movement therewith are sym- 
metrically disposed relative to the Y 



axis In first and second vertical planes 
Intersecting one another at the Y axis. 
Similarly, first and second stationary 
plane mirrors (36, 38) fixedly mounted 
on a housing of the projection lens are 
disposed parallel to the first and second 
movable mirrors, respectively. As the 
stage is moved along the X and Y axes, 
first and second interferometer systems 
(40, 42) provide first and second mea- 
surement signals Indicative of the velo- 
cities of the first and second movable 
mirrors (relative to the first and second 
stationary mirrors) while they are being 
moved along first and second measure- 
ment paths normal to the first and 
second movable mirrors, respectively. 
In response to the sum and the differ- 
ence of these measurement signals, 
first and second position control circuits 
move the stage along precisely ortho- 
gonal X and Y axes with the Y axis 
bisecting the angle between the first 
and second movable mirrors until a 
predetermined position is reached. 
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SPECIFICATION 

Interferometrically controlled stage with precisely 
orthogonal axes of motion 

5 

This Invention relates generally to interferometrical- 
ly controlled stages movable along X and Y axes for 
positioning or aligning a first object, such as a 
photomask or a semiconductive wafer, with respect 

10 to a second object, such as a reticle, or an image 
thereof, and more specifically to an interferometric- 
ally controlled stage movable along precisely ortho- 
gonal X and Y axes for successively positioning or 
aligning different regions of a photomask or a 

15 semiconductive wafer with respect to the same - 
reticle or an image thereof. 

In the semiconductor industry interferon! etrically 
controlled stages movable along X and Y axes are 
employed both In the fabrication of photomasks and 

20 in the processing of semiconductive wafers to form 
integrated circuits and the like. A high (submicron) 
resolution photomask is typically fabricated by em- 
ploying such an interferometrfcally controlled stage 
to successively position different regions of the 

25 photomask with respect to a reticle, or an image of a 
reticle, representing a level of microclrcuitry to be 
printed on the photomask at each of those regions. 
This step-and -repeat printing operation forms an 
array of adjacent regions of microdrcuitry of one 

30 level on the photomask in rows and columns parallel 
to the X and Y axes of motion of the Interferometric- 
ally controlled stage. A set of such photomasks, each 
bearing an array of microcircurtry of a different level 
is typically employed in the fabrication of integrated 

35 circuits or the like from a semiconductive wafer. In 
the course of this fabrication, the semiconductive 
wafer is sequentially aligned with each photomask 
of the set and the level of microclrcuitry printed on 
the photomask is in turn printed on the semlconduc- 

40 tfve wafer. However, it is also possible to eliminate 
the operation of forming a set of such photomasks 
by employing an interferometrically controlled stage 
to successively align different regions of the semi- 
conductive wafer with each of the reticles employed 

45 in fabricating the set of photomasks so that the level 
of microdrcuitry represented by each of those 
reticles may be printed directly on the semiconduc- 
tive wafer at each of those regions during separate 
step-and-repeat printing operations. 

50 In order to facilitate the precise positioning or 
alignment of an array of adjacent regions of one 
level of microclrcuitry being printed on a photomask, 
or on a semiconductive wafer, relative to each array 
of adjacent regions of microdrcuitry of another level 

55 previously printed or yet to be printed on the other 
photomasks of the same set, or relative to each array 
of adjacent regions of microdrcuitry of another level 
previously printed or yet to be printed on the 
semi-conductive wafer, it would be highly desirable 

60 to employ an Interferometerically controlled stage 
having precisely orthogonal X and Y axes of motion 
for step-end-repeat printing operations such as 
those described above. Unfortunately, however, 
conventional Interferometrically controlled stages 

65 do not have precisely orthogonal X and Y axes of 



motion. Moreover, the degree of non orthogonality 
of the X and Y axes of motion of such stages is 
normally different from stage to stage so that 
different stages have different frames of reference 
70 and cannot therefore be employed interchangeably 
in printing different levels of microdrcuitry on 
different photomasks of the same set or on the same 
semiconductive wafer or batch of semiconductive 
wafers. 

75 Conventional Interferometrically controlled stages 
typically employ a separate inerferometer system for 
each axis of motion of the stage with a first movable 
mirror of the interferometer system for the X axis of 
motion being mounted on the stage In a vertical 

GO plane normal to the X axis of motion and with a 
second movable mirror for the Y axis of motion 
being mounted on the stage in a vertical plane 
normal to the Y axis of motion, as shown in British 
Patent No. 1,196,281 entitled INTERFEROMETRICAL- 

85 LY CONTROLLED POSITIONING APPARATUS. 

Since these mirrors must be disposed in vertical 
planes precisely orthogonal to one another for the 
stage to have precisely orthogonal X and Y axes of 
motion, special measurement equipment and proce- 

90 dures involving considerable effort and expense are 
employed to mount and maintain these mirrors In 
vertical planes as closely orthogonal to one another 
as possible. However, since even the best measure- 
ment equipment has a finite accuracy, it is In fact not 

95 possible to mount and maintain these mirrors in 
precisely orthogonal vertical planes. As a result the 
stage does not have precisely orthogonal X and Y 
axes of motion. 
Accordingly, it is the principal object of this . 
100 Invention to provide an interferometrically control- 
led stage having precisely orthogonal X and Y axes 
of motion. 

Another object of this invention is to provide such 
a stage while eliminating the effort and expense in 

105 attempting to mount the first and second movable 
mirrors in predsefy orthogonal vertical planes. 

Still another object of this Invention is to provide 
such a stage which may be employed interchange- 
ably with other such stages In printing different 

110 levels of microcircuitry on different photomasks of 
the same set or on the same semiconductive wafer 
or batch of semiconductive wafers. 

These and other objects are accomplished accord- 
ing to the illustrated preferred embodiment of this 

115 invention by employing a stage movable along X 
and Y axes in a horizontal plane, and by fixedly 
mounting first and second movable plane mirrors of 
first and second interferometer systems, respective- 
ly, on the stage In vertical planes intersecting one 

1 20 another at the Y axis with the first and second 

movable mirrors symmetrically disposed about the 
Y axis. First and second stationary plane mirrors are 
fixedly mounted above the stage on a housing of a 
projection lens or some other such utilization device 

1 25 and are disposed parallel to the first and second 
movable- mirrors, respectively. The first Interfero- 
meter system has a first measurement path normal 
to the first movable mirror and a first reference path 
normal to the first stationary mirror. As the stage is 

1 30 moved along either the X or the Y axis, the first 



2 



GB 2 046955 A 



2 



interferometer system produces a first measurement 
signal indicative of the veolcity of the first movable 
mirror white it is being moved (relative to the first 
stationary mirror) along- the first measurement path. 
5 Similarly, the second Interferometer system has a 
second measurement path norma! to the second 
movable mirror and a second reference path nprmal 
to the second stationary mirror. As the stage is 
moved along either the X or the Y axis, the second 
10 Interferometer system produces a second measure- 
ment signal indicative of the velocity of the second 
movable mirror while It is being moved (relative to 
the second stationary mirror) along the second 
measurement path. In response to sums and dlffer- 
1 5 ences of these first and second measurement sig- 
nals, first and second position control circuits move 
the stage along precisely orthogonal X and Y axes 
with the Y axis bisecting the angle between the first 
and second movable mirrors. Thus, the stage Is 
20 provided with precisely orthogonal X and Y axes of 
motion without requiring the first and second mov- 
able mirrors to be mounted In precisely orthogonal 
vertical planes and without requiring any other such 
unattainable relationship between those mirrors or 
25 other parts of the stage. This eliminates the principal 
source of degradation In the orthogonality of the X 
and Y axes of motion of the stage. By comparison, 
other sources of degradation, such as uneven ness of 
the first and second movable mirrors, are insignifi- 
. 30 cant and are therefore disregarded for purposes of 
this application. • 

A further aspect of this invention relates generally 
to control circuits and more particularly to a position 
control circuit utilizing a phase-locked loop to extend 
35 the resolution of the position control circuit. Such 
position control circuits may be employed, for 
. example, to control the position of an Interferomet- 
rically controlled stage as described herein. 
Conventional position control circuits for controll- 
40 Ing the position of an interferometrical ly controlled 
stage typically employ a reversible or up-down 
counter to provide an indication of the actual 
position of the stage as described in U.S. Patent No. 
3,458,259 entitled INTERFEROMETRIC SYSTEM and 
45 issued on July 28, 1 969. The resolution of such 
position control circuits is therefore typically limited 
by the ambiguity of the last or least significant digit 
indicated by the counter. 
Accordingly, it is an object of this further aspect of 
50 the present invention to provide an improved posi- 
tion control circuit in which the ambiguity of the last 
or least significant digit indicated by the counter is 
eliminated and the resolution of the position control 
circuit Is extended. 
55 This object is accomplished according to the 
illustrated preferred embodiment of this further 
aspect of the present invention by employing a 
position control circuit having a variable phase 
shifter responsive to an input reference signal and to 
60 a control signal for producing an output signal of the 
same frequency as the reference signal but shifted in 
phase as determined by the control signal, and by 
employing a phase detector responsive to the output 
signal from the variable phase shifter and to an input 
65 measurement signal of a frequency related to the 



frequency of the input reference signal for producing 
a position control signal extending the resolution of 
the position control circuit. The variable phase 
shifter comprises another phase detector responsive 
70 to the Input reference signal and to an output signal 
from a divide by N circuit for driving a voltage 
controlled oscillator to supply the divide by N circuit 
with an output signal having a frequency N times 
greater than the frequency of the reference signal. A 
75 shift register is responsive to the output signals from 
both the voltage controlled oscillator and the divide 
by N circuit for supplying N output signals of 
different phase to a data selector. The data selector 
is responsive to the control signal for supplying a 
80 selected one of these N output signals to the 

first-mentioned phase detector as determined by the 
control signal. 

There now follows a detailed description which is 
to be read with reference to the accompanying 
85 drawings of an interfermetrically controlled stage 
and of two position control circuits therefor accord- 
ing to the invention; it is to be clearly understood 
that this stage and the two circuits have been 
selected for description to Illustrate the invention by 
90 way of example and not byway of limitation. 
In the accompanying drawings :- 
Figure 1 1s a perspective rear view of an interfer- 
ometrical ly controlled stage having precisely ortho- 
gonal X and Y axes of motion in accordance with the 
95 preferred embodiment of the present invention; 
. Figure 2 Is a detailed schematic representation of 
one of the Interferometer systems employed with 
the stage of Figure 1; 
Figure 3 Is a detailed block diagram of a pair of 
100 position control circuits employed for driving the 
stage of Rgurel; 

Figure 4 Is a detailed block diagram of another pair 
of position control circuits constructed In accordance 
with the preferred embodiment of the aforemen- 
1 05 tioned further aspect of the present i nvention and 
employed, for example, in place of the position 
control circuits of Figure 3 to drive the interferomet- 
rically controlled stage of Figure 1 ; and 
Figure Sis a detailed block diagram of a pair of 
110 phase control circuits constructed in accordance 
with the preferred embodiment of this further aspect 
of the present invention and employed in the 
position control circuits of Figure 4. 
Referring now to Figure 1 , there is shown an 
115 interferometrically controlled stage 10 for use in 
aligning a workptece such as a semiconductive 
wafer 12 with an object such as a reticle 14 or a 
projected image of the reticle. The stage 10 compris- 
es a lower platform 16 supported by air bearings on 
1 20 the flat upper surface of a g ranite block 1 8 for 
movement generally along an X axis of the stage, 
and an upper platform 20 supported by air bearings 
on the flat upper surface of the granite block 1 8 
(through clearance openings in the lower platform 
125 16) for movement generally along an orthogonal Y 
axis of the stage. In addition, the upper platform 20 is 
coupled to the lower platform 16 for movement 
therewith generally along the X axis of the stage 10. 
Thus, the upper platform 20 of the stage 10 may be 
130 moved in a horizontal plane generally along the 
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orthogonal X and Y axes of the stage and, since such 
movements may occur simultaneously, may be 
moved along any straight line in that horizontal 
plane. 

5 The semiconducdve wafer 1 2 Is held by a vacuum 
chuck 22 mounted on the upper platform 20 for 
movement therewith. Chuck 22 is positioned be- 
neath a projection lens 26 or some other such 
utilization device for use in processing the semicon- 

10 ductive wafer 1 2. The reticle 14 is held by a vacuum 
holder 28 positioned directly above the projection 
lens 26 and along an optical axis 24 thereof. Both the 
projection lens 26 and the holder 28 for the reticle 14 
are mounted on a frame attached to the granite block 

15 1a In the process of fabricating integrated circuits or 
the like from the semiconductlve wafer 12, the stage 
10 is moved along the X and Y axes to successively 
align adjacent regions of one level of microcircuitry 
that may have already been formed on the semlcon- 

20 ductive wafer with an Image of another level of 
microcircuitry contained on the reticle 14 and yet to 
be printed on the semiconductive wafer at each of 
those regions. This image is projected onto the 
semiconductive wafer 12 by the projection lens 26. 

25 In order to provide the stage 1 0 with precisely 
■ orthogonal X and Y axes of motion, two elongated 
plane mirrors 30 and 32 are fixedly mounted on the 
upper platform 20 for movement therewith. These 
mirrors (hereinafter being referred to as the first and 

30 second movable mirrors 30 and 32) are disposed 
symmetrically about the Y axis in respective first and 
second vertical planes intersecting one another at 
the Y axis at an angle of 20. No special measurement 
equipment or critical measurement procedures are 

35 required in mounting the first and second movable 
mirrors 30 and 32 on the upper platform 20 of the 
stage 10 since, as hereinafter described, the stage Is 
controlled so that the X and Y axes are precisely 
orthogonal to one another with the Y axis bisecting 

40 the angle 26 between the first and second movable 
mirrors. The first and second movable mirrors 30 
and 32 may therefore be mounted in respective first 
and second vertical planes Intersecting one another 
at virtually any angle, and, for purposes of illustra- 

45 tion, are shown as being fixedly mounted on the 
upper platform 20 of the stage 10 at a nominal right 
angle to one another by a carrier 34. First and second 
plane mirrors 36 and 38 are fixedly mounted on a 
housing of the projection tens 26 above the carrier 

50 34. These mirrors (hereinafter being referred to as 
the first and second stationary mirrors 36 and 38) 
correspond and are disposed parallel to the first and 
second movable mirrors 30 and 32, respectively. 
Hrst and second Interferometer systems 40 and 42 

55 are employed to precisely measure the velocities of 
the first and second movable mirrors 30 and 32 
(relative to the first and second stationary mirrors 36 
and 38) while they are being moved along corres- 
ponding first (or Al*) and second (or AL*) measure- 

60 ment paths normal to the first and second movable 
mirrors, respectively, as happens whenever the 
stage 10 is moved along either the X or the Y axis, 
and to produce measurement signals Indicative of 
those velocities. Interferometer systems such as 

65 those manufactured and sold by Hewlett-Packard 



Company and described in detail in Hewlett-Packard 
Company's Application Note 197-2 for the 5501 A 
laser transducer and the aforementioned U.S. Patent 
No. 3,458,259 may be employed as the first and 

70 second interferometer systems 40 and 42. The 
interferometer systems 40 and 42 share a two 
frequency single mode laser transducer 44, such as 
the Hewlett-Packard 5501 A laser transducer, for 
emitting a beam of light 46 including a first compo- 

75 nent having frequency fi (hereinafter referred to as f, 
light) and a second parallel and overlapping compo- 
nent having a frequency f 2 (hereinafter referred to as 
f 2 light). These parallel and overlapping components 
of^ and f 2 light have linear horizontal and vertical 

80 polarizations (relative to the laser transducer 44), 
respectively. A beam bender 48 is employed to 
deflect the beam of light 46 from the laser transducer 
44 upward to a beam splitter 50, which transmits fifty 
percent of the beam of light upward through an 

85 aperture 62 in a frame 54 for holding the block of 
granite 18. Beam splitter 50 also reflects fifty percent 
of the beam of light 46 from the laser transducer 44 
to another beam bender 56 from which it is in turn 
deflected upward through an ajberture 58 in frame 

90 54. 

The laser transducer 44, the beam benders 48 and 
56, the beam splitter 50, and the various elements of 
the first and second interferometer systems 40 and 
42 hereinafter described may all be mounted on a 
95 frame attached to the granite block 18 in the 
configuration shown. With the first and second 
movable mirrors 30 and 32 mounted on the carrier 
34 at nominally forty-five degrees with respect to the 
Yaxis as shown, the Al_i and the AL 2 measurement 

1 00 paths of the ft rst and second interferometer systems 
40 and 42, respectively, are rotated nominally forty- 
five degrees with respect to the Y axis. Thus, with the 
laser transducer 44 mounted along the X axis as 
shown, the laser transducer must also be rotated 

1 05 nominally forty-five deg rees with respect to the Y 
axis as shown to orient the polarizations of the ft 
light and the f 2 light at forty-five degrees with 
respect to the Y axis and hence parallel and ortho- 
gonal to each of the first and second Interferometer 

110 systems 40 and 42. This is essential since maximum 
output signal is obtained from the first and second 
interferometer systems 40 and 42 when those polar- 
izations are so oriented, whereas virtually no output 
signal can be obtained from the first and second 

115 interferometer systems when those polarizations are 
oriented at forty-five degrees with respect to each of 
the first and second interferometer systems. 

Since the first and second interferometer systems 
40 and 42 are identical, the same reference numbers 

120 are generally employed for the same elements of 
both Interferometer systems (with the reference 
numbers for those of the second interferometer 
system being primed), and only the first interfero- 
meter system 40 is described in detail. Referring now 

1 25 also to Figure 2, the first interferometer system 40 
includes a polarizing beam splitter 60 for reflecting ft 
light of linear horizontal polarization (represented by 
a double-headed arrow normal to the plane of the 
paper) passing through the aperture 52 of the frame 

1 30 54 and for transmitting the f 2 light of linear vertical 
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polarization (represented by a double-headed arrow 
in the plane of the paper) passing through the 
aperture 62 (an auxiliary arrowhead in the plane of 
the paper Is associated with each doubte-headed 
5 arrow to indicate the direction of propagation of the 
light). The fi light reflected by the polarizing beam 
splitter 60 passes forward through a quarter wave 
plate 62 to the first movable mirror 30 along a first 
portion 64 of the AL t measurement path which, as 

10 already described, is normal to the first movable 
mirror. As the upper platform 20 of the stage 1 0 Is 
moved along either the X or the Y axis, the 
corresponding movement of the first movable mir- 
ror 30 (relative to the first stationary mirror 36) along 

15 the AL n measurement path causes the ft light to 
undergo a frequency change of ± Af as It is reflected 
from the first movable mirror backward along the 
first portion 64 of the ALi measurement path and 
through the quarter wave plate 62. The quarter wave 

20 plate 62 converts the polarization of the f i light 
passing forward therethrough to rignt-hand circular 
polarization, which is in turn converted to left-hand 
circular polarization as the f^ light is reflected from 
the first movable mirror 30, and converts the polar- 

25 Ization ofthefirfcAf light reflected backward there- 
through to linear vertical polarization. Thus, the 
fi±Af light i&tsqnsmitted by the polarizing beam 
splitter 60 to an attached retroreflector 66 from 
which rt is reflected forward through the polarizing 

30 beam splitter and quarter wave plate 62 to the first 
movable mirror 30 along a second portion 68 of the 
■^Li measurement path. The f t ±Af light reflected 
from the first movable mirro r 30 backward along the 
second portion 68 of the AL t measurement path 

35 undergoes another frequency change of ±Af as the 
upper platform 20 of the stage 1 0 is moved along 
either the X or the Y axis. In this instance the quarter 
wave plate 62 converts the polarization of the f t ±Af 
light passing forward therethrough to left-hand 

40 circular polarization, which Is In turn converted to 
right-hand circular polarization as the fi±Af light Is 
reflected from the first movable mirror 30, and 
converts the polarization of thef,±2Af light reflected 
backward therethrough to linear horizontal polariza- 

45 tion.Thef 1 ±2Af light reflected backward alt- -the 
second portion 68 of the ALi measurement path is 
therefore reflected by the polarizing beam splitter 60 
downward through a mixing polarizer 70 to a 
photoelectric detector 72. 

50 In a similar manner, the f 2 light transmitted by the 
polarizing splitter 60 passes forward through a 
quarter wave plate 74 to a beam bender 76 from 
which it is reflected to the first stationary mirror 36 
along a portion 78 of a AL% reference path which, as 

55 already described above, is normal to the first 
stationary mirror (at least from the beam bender 76 
forward). This f 2 light is reflected from the first 
stationary mirror 36 backward along the first portion 
78 of the A Li reference path to the beam bender 76 

60 and then through the quarter wave plate 74* The 
quarter wave plate 74 converts the polarization of 
the f 2 tight passing forward therethrough along the 
first portion 78 of the AL, reference path to left-hand 
circular polarization, which is in turn converted to 

65 right-hand circular polarization as the f 2 light is 



reflected from the first stationary mirror 36, and 
converts the polarization of the f 2 light reflected 
backward therethrough along the first portion 78 of 
the AL, reference path to linear horizontal polariza- 
70 tion. Thus the f 2 light reflected backward from the 
first stationary mirror 36 along the first portion 78 of 
the ALj reference path is reflected by the polarizing 
beam splitter 60 to the retroreflector 66 from which it 
is reflected back to the polarizing beam splitter 
75 where it is reflected through the quarter wave plate 
74 and deflected by the beam bender 70 to the first 
stationary mirror along a second portion 80 of the 
AL, reference path. This f 2 light is reflected again 
from the first stationary mirror 36 backward along 
80 the second portion 80 of the ALj reference path to 
the beam bender 76 and then through the quarter 
wave plate 74. The quarter wave plate 74 converts 
the polarization of the f 2 light passing forward 
therethrough along the second portion 80 of the AL, 
85 reference path to right-hand circular polarization, 
which Is in turn converted to left-hand circular 
polarization as the f 2 light is reflected again from the 
first stationary mirror 36, and converts the polariza- 
tion of the f 2 light reflected backward therethrough 

90 along the second portion 80 of the ALi reference 
path to linear vertical polarization. The f 2 light 
reflected backward along the second portion 80 of 
the ALt reference path Is therefore transmitted by 
the polarizing beam splitter 60 downward through 
95 the mixing polarizer 70 to the photoelectric detector 
72 with the parallel and overlapping f,±2Af light 
from the second portion 68 of the ALi measurement 
path In an output beam of light 73. For simplicity of 
illustration the paths of the input light beam 46 

100 entering the polarizing beam splitter 60 and the 
output light beam 73 entering the photoelectric 
detector 72, the first and second portions 64 and 68 
of the ALt measurement path, the first and second 
portions 78 and 80 of the AL t reference path, and the 

105 retroreflector 66 have been represented as being 
spatially disposed in the plane of the paper in Figure 
2, whereas they are actually spatially disposed in a 
plane normal to the plane of the paper as shown in 
the perspective view of Figure 1 . 

110 .The mixing polarizer 70 mixes the f t ±2Af light and 
the parallel and overlapping f 2 light of the output 
light beam 73 passing therethrough to provide each 
of those components of the output light beam 
entering the photoelectric detector 72 with a compo- 

115 nent of similar polarization. These similarly polarized 
components are mixed by the photoelectric detector 
72 to produce a first electrical measurement signal 
having a frequency f, — f 2 ±2Af Ll at the output of the 
photoelectric detector. A second electrical measure- 

120 ment signal having a frequency fi—f 2 ±2Aft x is 

produced in the same manner as described above by 
the second interferometer system 42 at the output of 
the photoelectric detector 72' of that system. 
Referring now also to Figure 3, the first electrical 

125 measurement signal of frequency f , — f 2 ±2 Af^ is 
applied to a first input of a first dual output mixer 82 
of the first Interferometer system 40, and the second 
electrical measurement signal of frequency 
f i -f 2 ±2Af lH Is applied to a first input of a second 

130 dual output mixer 84 of the second interferometer 
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system 42. An electrical reference signal of frequen- 
cy fi-f 2 produced by the laser transducer 44 at an 
electrical output 86 thereof (see Rgure 1 ) is applied 
to a second input of the first dual output mixer 82 

5 and to a second input of the second dual output 
mixer 84. The first dual output mixer 82 combines 
the first measurement signal and the reference 
signal to produce a first pulse train measurement 
signal (hereinafter simply referred to in this descrip- 

10 tion as the first pulse train signal) having a repetition 
rate of 2Afi_, on an up or a down output thereof as 
determined by whether the sign of the ±2 AfL, 
component of the frequency of the first measure- 
ment signal Is positive or negative, respectively. The 

15 repetition rate of this first pulse train signal is . 
porportional to the velocity of the first movable 
mirror 30 while it is being moved (relative to the first 
stationary mirror 36) along the AL* measurement 
path of the first interferometer system 40, as hap- 

20 pens whenever the upper platform 20 of the stage 10 
is moved along either the X or the Y axis of motion of 
the stage. Similarly, the second dual output mixer 84 
combines the second measurement signal and the 
reference signal to produce a second pulse train 

25 measurement signal (hereinafter simply referred to 
In this description as the second pulse train signal) 
•having a repetition rate of 2AfLjOn an up or a down 
output thereof as determined by whether the sign of 
the ±2Afi^ component of the frequency of the 

30 second measurement signal is positive or negative, 

respectively. The repetition rate of this second pulse 
train signal is proportional to the velocity of the 
second movable mirror 32 while It is being moved 
(relative to the second stationary mirror 38) along 
35 the Ala measurement path of the second Interfero- 
meter system 42, as also happens whenever the 
upper platform 20 of the stage 10 is moved along 
either the X or the Y axis of motion of the stage. 
Pulses of the first and second pulse train signals 
40 appearing on the up outputs of the first and second 
dual output mixers 82 and 84 are applied to a first 
pair of inputs of a first dual adder 88, which produces 
a pulse train representing the sum of those pulses on 
an up output of the first dual adder. Similarly, pulses 
45 of the first and second pulse train signals appearing 
on the down outputs of the first and second dual 
output mixers 82 and 84 are applied to a second pair 
of Inputs of the first dual adder 88, which produces a 
pulse train representing the sum of those pulses on a 
50 down output of the first dual adder. The trains of 
pulses thereby produced on the up and down 
outputs of the first dual adder 88 represent the sum 
of the first and second pulse train signals. Pulses of 
the first pulse train signal appearing on the up 
55 output of the first dual output mixer 82 and pulses of 
the second pulse train signal appearing on the down 
output of the second dual output mixer 84 are 
applied to a first pair of inputs of a second dual adder 
90, which produces the sum of those pulses on an up 
60 output of the second dual adder. Similarly, pulses of 
the first pulse train signal appearing on the down 
output of the first dual output mixer 82 and pulses of 
the second pulse train signal appearing on the up 
output of the second dual output mixer 84 are 
65 applied to a second pair of inputs of the second dual 



adder 90. The sums of pulses thereby produced on 
the up and down outputs of the second dual adder 
90 represent the difference of the first and second 
pulse train signals. 

70 In response to the difference and the sum of the 
first and second pulse train signals and to X and Y 
digital end point data signals received, for example, 
from a computer 92, X and Y axis position control 
circuits 94 and 96 move the upper platform 20 of the 

75 stage 10 along precisely orthogonal X and Y axes 
(with the Y axis bisecting the angle 28 between the 
first and second movable mirrors 30 and 32) to 
precisely position the upper platform 20 as specified 
by the X and Y digital end point data signals. These 

80 movements of the upper platform 20 along precisely 
orthogonal X and Y axes are effected by the X and Y 
axes position control circuits 94 and 96 in accord- 
ance with the following equations as hereinafter 
explained: 

85 (1 ) AX=K K (AL 1 -AU), where 1/2 cos6; and 
(2) AY=Ky(ALi+AL*) r where Ky=1/2 sine. 
The orthogonality of the AX and AY movements of 
the upper platform 20 along the X and Y axes of 
motion of the stage 10 in accordance with equations 
90 (1 ) and (2) is substantiated by the tact that AX is a 
function of cosine 8, whereas AY Is a function of sine 
8, and by the fact that such cosine and sine terms 
always exist In quadrature. 
Since the X and Y axes position control circuits 94 
95 and 96 are identical, the same reference nu mbers are 
employed for the same elements of both position 
control circuits (with those of the X axis position 
circuit being primed), and only the Y axis position 
control circuit Is described in detail. Pulses appear- 
100 ing on the up and down outputs of the first adder 88 
are applied to an up-down counter 98 for counting 
those pulses to produce a *Y digital output signal 
proportional to the sum (AL,+ ALJ of the displace- 
ments AL, and AL 2 of the first and second movable 
105 mlrors 30 and 32 (relative to the first and second 
stationary mirrors 36 and 38) along the ALi and AL* 
measurement paths of the first and second interfero- 
meter systems 40 and 42, respectively, as the upper 
platform 20 of the stage 10 is moved along either the 
110 X or the Y axis of the stage. In effect theup-down 
counter 98 integrates the sum of the velocities of the 
first and second movable mirrors 30 and 32 with 
respect to time as those velocities are measured by 
the first and second Interferometer systems 40 and 
1 15 42, respectively, to. produce the AY digital output 
signal. This AY digital output signal is applied to one 
input of a comparator 100, and the Y digital end 
point data signal from the computer 92 Is stored in a 
register 1 02 and applied to the other input of the 
120 comparator. The comparator 100 produces a digital 
comparison signal equal to the difference between 
the digital signals applied thereto and proportional 
to the distance the upper platform 20 must be moved 
along the Y axis to reach the Y axis position specified 
125 by the Y digital end point data signal. This digital 
comparison signal is applied to a digital-to-analog 
converter 1 04 which converts it to an analog voltage 
signal and applies it to one input of a summing 
circuit 106. Another analog voltage signal produced 
130 by a tachometer 108, as hereinafter explained. Is 
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applied to the other input of the summing circuit 106. 
Thus, the summing circuit 106 produces an output 
voltage signal equal to the difference between the 
analog voltage signal from the anatog-tp-dlgftaf 

. 5 converter 1 04 a nd the tachometer 1 08. This output 
voltage signal is applied to a servo drive circuit 110 
for driving a Y axis servo motor 112 mounted on the 
upper platform 20 and reacting against the lower 
platform 1 6 to move the upper platform along the Y 

10 axis to the Y axis position specified by the Y digital 
end point data signal. The tachometer 108 Is coupled 
to the Y axis servo motor 112 for producing an 
analog voltage signal proportional to the speed of 
the Y axis servo motor and applying It to the 

1 5 summing circuit 1 06. This reduces the output vol- 
tage signal from the summing circuit 106 and 
therefore slows the Y axis servo motor 112 down as 
the upper platform 20 approaches the Yaxis position 
specified by the Y digital end point data signal so as 

20 to impede the upper ptatform from overshooting the 
specified Y axis position. 

The up-down counter 98' of the X-axis position 
control circuit 94 similarly integrates the difference 
of the velocities of the first and second movable 

25 mirrors 30 and 32, and those velocities are measured 
by the first and second Interferometer systems 40 
and 42, respectively, to produce a AX digital output 
signal proportional. to the difference (AI^— AL*) of 
the displacements ALt and AL 2 of the first and 

30 second movable mirrors (relative to the first and 
second stationary mirrors 36 and 38) along the A Li 
and ALa measurement paths of the first and second 
interferometer systems, respectively, while the up- 
per platform 20 of the stage 10 is moved along either 

35 the X or the Y axis of the stage. In response to this 
AX digital output signal and an X digital end point 
data signal stored in the register 102* by the 
computer 92, the servo drive circuit 110' drives the X 
axis servo motor 112', which Is mounted on the 

40 lower platform 1 6 of the stage 10 and which reacts 
against the granite block 18, to move the lower 
platform 16 and, hence, the upper platform 20 to the 
X axis position specified by the X digital end point 
data signal. 

45 Thus, ft may be seen that the upper platform 20 is 
moved along precisely orthogonal X and Y axes In 
accordance with the difference (ALi— AL*) and the 
sum (AL,+ AL 2 ) of the displacements of the first and 
second movable mirrors 30 and 32 (relative to the 

50 first and second stationary mirrors 36 and 38) along 
the ALi and AL* measurement paths of the first and 
second Interferometer systems 40 and 42, respec- 
tively, as specified by the corresponding terms of 
equations (1 ) and (2) above. In actuality the con- 

55 stants K* and Ky of those equations may be deter- 
mined without the necessity of precisely measuring 
or knowing the half angle 0 between the first and 
second movable mirrors 30 and 32. These constants 
can be determined In setting up the stage 10 by 

60 simply attaching a reference contact member to the 
upper platform 20; placing a gage block of, for 
example, four inches In length on the upper platform 
along the Y axis and in abutment with the reference 
contact member; mounting a deflection type sensor 

65 of an electronic gage at a fixed position (with respect 



to the upper platform) along the Y axis and in the 
path of the gage block and the reference contact 
member; moving the stage forward along the Y axis 
to bias the gage block against the sensor until the 
70 electronic gage Is zeroed and then also zeroing the 
up-down counter 98 of the Y axis position sensor 96; 
moving the upper platform backward along the Y 
axis and removing the gage block;, moving the upper 
platform forward along the Y axis again to bias the 
75 reference contact member against the sensor until 
the electronic gage is zeroed again; dividing the 
length of the gage block by the counter thereupon 
registered in the up-down counter 98 to determine 
Ky in inches per count; and by repeating the same 
80 process for the X axis with the same reference 
contact member, the same gage block, and the 
up-down counter 98* of the X axis position control 
circuit 94 to determine in inches per count Since 
gage blocks are commonly calibrated by the Nation- 
85 al Bureau of Standards to submicrolnch accuracies, 
this set up procedure permits the upper platform 20 
of the stage 10 to be moved along the orthogonal X 
and Y axes with extremely high precision. The 
constants and Ky, along with other constants such 
90 as might be employed to compensate for changes in 
atmospheric conditions etc., are stored in the com- 
puter 92 and utilized in determining a set of pairs of 
X and Y end point data signals. required for a desired 
step-and- repeat operation. As each pair of X and Y 
95 end point data signals is fed by the computer 92 to 
the registers 1 02' and 1 02 of the X and Y axis 
position control circuit 94 and 96, the upper platform 
20 of the stage .10 Is successively stepped along 
precisely orthogonal X and Y axes to the position 

100 specified by that pair of X and Y end point data 
signals so aa to successively align adjacent regions 
of microcircultry of one level on the semlconductive 
wafer 12 with the projected image of the reticle 14. 
Since the upper platform 20 is stepped along 

105 precisely orthogonal X and Y axes, other such stages 
may therefore be employed interchangeably In 
printing different levels of microcircultry on the 
same semlconductive wafer 12. 
Referring now to Rgure 4, there is shown another 

110 pair of X and Y axes position control circuits 96 and 
94 that may be employed in place of those described 
above In connection with Rgure 3 to control the 
position of the Interferometricalry controlled stage of 
Rgure 1. Since these X and Yaxes position control 

115 circuits 96 and 94 are identical, the same reference 
numbers are again employed for the same elements 
of both position control circuits (with those of the X 
axis position control circuit being primed), and only 
the Y axis position control circuit 96 Is described in 

120 detail. Pulses appearing on the up and down outputs 
of the first dual adder 88 are again applied to an 
up-down counter 98 for counting those pulses to 
produce a AY digital output signal proportional to 
the sum (ALi+Al*) of the displacements AL, and 

125 Ala of the first and second movable mirrors 30 and 
32 (relative to the first and second stationary mirrors 
36 and 38) along the AL) and At* measurement 
paths of the first and second Interferometer systems 
40 and 42, respectively as the upper platform 20 of 

130 the stage 10 is moved along either the X or the Y 
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axis. In effect the up-down counter 98 again inte- 
grates the sum of the velocities of the first and 
second movable mlrors 30 and 32 with respect to 
time as those velocities are measured by the first 
5 and second interferometer systems 40 and 42, 
respectively, to produce the AY digital output signal. 
This AY digital output signal is again applied to one 
input of a comparator 1 00, and the Y digital end 
point data signal from the computer 92 is again 
1 0 stored In a register 1 02 and applied to the other input 
of the comparator. The comparator 100 again pro- 
duces a digital comparison signal equal to the 
difference between the digital signals applied there- 
to and proportional to the distance the upper 
16 platform 20 of the stage 10 must be moved along the 
Y axis to reach the Y axis position specified by the Y 
digital end point data signal. This digital comparison 
signal is applied to the computer 92, which in 
response to a nonzero comparison signal sequential- 
20 ly stores each of a series of digital velocity signals in 
a register 103* These digital velocity signals and the 
durations they are stored in register 103 define an 
optimum profile of acceleratlng r maximum, and 
decelerating velocities, as determined in accordance 
25 with well known techniques, for the distance the 
upper platform 20 of the stage 1 0 is to be moved 
along the Y axis. Each digital velocity signal stored in 
the register 1 03 is applied to a digftai-to-analog 
converter 104 which converts ft to an analog voltage 
30 signal and applies it to one input of a summing 
circuit 106. Another analog voltage signal produced 
by a tachometer 108, as hereinafter explained, is 
applied to the other input of the summing circuit 1 06. 
Thus, the summing circuit 106 produces an output 
35 voltage signal equal to the difference between the 
analog voltage signal from the analog-to-digital 
converter 104 and the tachometer 108. In response 
to a nonzero comparison signal from the comparator 
-100, the computer 92 also activates a selector circuit 
40 109 to apply the output voltage signal from the 
summing circuit 1 06 to a servo drive circuit 1 10 for 
driving a Y axis servo motor 112. This Y axis servo 
motor is mounted on the upper platform 20 and 
reacts against the lower platform 16 of the stage 10 
45 to move the upper platform along the Y axis towards 
the Y axis position specified by the Y digital end 
point data signal. The tachometer 108 is coupled to 
the Y axis servo motor 1 1 2 for producing an analog 
voltage signal proportional to the actual velocity of 
50 the Y axis servo motor and applying ft to the 
summing circuit 1 06. This reduces the output vol- 
tage signal from the summing circuit 106 for the 
purpose of equalizing the actual velocity and the 
desired velocity of the Y axis servo motor 1 12. 
55 The up-down counter 98' of the X-axis position 
control circuit 94 similarly integrates the difference 
of the velocities of the first and second movable 
mirrors 30 and 32 as those velocities are measured 
by the first and second Interferometer systems 40 
60 and 42, respectively, to produce a AX digital output 
signal proportional to the difference (ALi— Al*) of 
the displacements AL t and AL 2 of the first and 
second movable mirrors (relative to the first and 
second stationary mirrors 36 and 38) along the AL t 
65 and AL 2 measurement paths of the first and second 



interferometer systems, respectively, while the up- 
per platform 20 of the stage 10 is moved along either 
the X or the Y axis of the stage. In response to this 
AX digital output signal and an X digital end point 

70 data signal stored in the register 1 02' by the 

computer 92 r the servo drive circuit 1 10' drives the X 
axis servo motor 1 1 2'. This X axis servo motor is 
mounted on the lower platform 16 of the stage and 
reacts against the granite block 18, on which both 

75 the upper and lower platforms 20 and 16 are 
mounted, to move the lower platform and, hence, 
the upper platform, which Is coupled to the lower 
platform for movement therewith along the X axis, 
towards the X axis position specified by the X digital 

80 end point data signal. 

Thus, It may be seen that the upper platform 20 is 

again moved along the orthogonal X and Y axes in 
accordance with the difference ( ALi — AL 2 ) and the 
sum (ALi+AL*) of the displacements of the first and 
85 second movable mirrors 30 and 32 (relative to the 
first and second stationary mirrors 36 arid 38) along 
the ALi and AL 2 measurement paths of the first and 
second interferometer systems 40 and 42, respec- 
tively, as specified by the corresponding terms of 
90 equations (1 ) and (2) above. In actuality the con- 
stants Kx and Ky of those equations may be deter- 
mined without the necessity of precisely measuring 
or knowing the half angle 6 between the first and 
second movable mirrors 30 and 32 as described 
95 above. The constants Kx and Ky, along with other 
constants such as might be employed to compen- 
sate for changes in atmospheric conditions etc., are 
stored in the computer 92 and utilized in determining 
a set of pairs of X and Y end point data signals 
100 successively fed by the computer 92 to the registers 
1 02' and 1 02 of the X and Y axes position control 
circuits 94 and 96, as described above, to successive- 
ly step the upper platform 20 of the stage 10 along 
the orthogonal X and Y axes to the position specified 
105 by those pairs of X and Y end point data signals. 

The resolution of the X and Y axes position control 
circuits 94 and 96 of Figure 4 is extended in 
accordance with the perf erred embodiment of a 
further aspect of the present invention by providing 
110 the Y axis position control circuit 96 with a phase 
control circuit 114, responsive to the reference signal 
of frequency f rfz, the first measurement signal of 
frequency f , -f 2 ±2Af Ll , and a three bit control or 
select code signal supplied by the computer 92 in 
115 response to a zero comparison signal from the 
comparator 100, for producing a position control 
signal as hereinafter described. Similarly, the X axis 
position control circuit 94 is provided with a phase 
control circuit 1 14', responsive to the reference 
120 signal of frequency ff-fa, the second measurement 
signal of frequency ft— f 2 ±2Afi^, and another three 
bit control or select code signal supplied by the 
computer 92 in response to a zero comparison signal 
from the comparator 100', for producing another 
1 25 position conrol signal as hereinafter described. 

These position control signals are applied to a pair of 
inputs of a summing circuit 116 (In the Y axis 
position control circuit 96) for producing an output 
voltage signal equal to the sum of the position 
130 control signals. They are also applied to a pair of 
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inputs of a summing circuit 116' (in the X axis 
position control circuit 94) for producing an output 
voltage signal equal to the difference of the position 
control signals. In response to zero comparison 

5 signals from the comparators 100 and 100' the 
computer 92 activates the selector circuits 109 and 
109* to apply the output voltage signals from the 
summing circuits 1 16 and 1 16' to the servo drive 
circuits 1 10 and 110', respectively. This drives and Y 

10 and X axes servo motors 1 12 and 1 12' to move the 
upper platform 20 of the stage 10 to precisely the 
desired Y and X axes positions. 

Referring now to Figure 5, there is shown a 
detailed block diagram of the phase control circuits 

15 114 and 1 14' for the Y and X axes position control 
circuits 96 and 94, respectively, of Figure 4* Since 
these phase control circuits 1 14 and 114' are identic- 
al, the same reference numbers are employed for the 
same elements of both phase control circuits (with 

20 those of the phase control circuit 114' for the X axis 
position control circuit 94 of Figure 4 being primed), 
and only the phase control circuit 1 14 for the Y axis 
position control circuit 96 of Figure 4 is described In 
detail. 

25 The phase control circuit 114 includes a variable 
phase shifter 1 18 for receiving the reference signal of 
frequency f t-fi and for producing an output signal of 
the same frequency but shifted In phase as deter- 
mined by the three bit select code from the computer 
30 92* This phase shifter comprises a phase detector 
1 20 having a first input at which the reference signal 
of frequency f,-f 2 is applied and a second input at 
which an output signal from a divide by N circuit 122 
is applied as hereinafter explained. In response to 
35 these input signals the phase detector 1 20 applies an 
output voltage signal to a voltage controlled oscilla- 
tor 124 so as to drive the voltage controlled oscillator 
to produce an output signal having a frequency N 
times greater than the frequency frfz of the refer- 
40 ence signal. This output signal from the voltage 
controlled oscillator 124 is applied both to an input 
of the divide by N circuit 1 22 and to a clock Input of a 
shifter register 1 26. The divide by N circuit 1 22 
divides this output signal by N, which for purposes 
45 of illustration Is herein taken to have a value of eight 
and applied the resultant output signal to the second 
input of the phase detector 120 and also to a date 
input of the shifter register 126. In response to the 
applied output signals from the divide by N circuit 
50 122 and the voltage controlled oscillator 124, the 
shift register 126 supplies N (or eight) output signals 
of different phase (each such output signal differing 
in phase from the preceding one by 3607N or 45° ) to 
a data selector 128- The data selector 128 supplies a 
55 selected one of these output signals from the shift 
register 126 to the output of the variable phase 
shifter 1 18 as determined by the three bit select code 
signal supplied by the computer 92 in response to a 
zero comparison signal from the comparator 100. As 
60 indicated above, the selected output signal has the 
same frequency f i-fa as the reference signal. 

The phase control circuit 1 14 also Includes a phase 
detector 130 having a first input at which the 
selected output signal (i.e., the output signal with the 
65 desired phase shift) of frequency f|-f 2 from the 



variable phase shifter 1 18 is applied and a second 
Input at which the first measurement signal of 
frequency f 1 -f 2 ±2Af Ll is applied. In response to 
these signals the phase detector 130 supplies a 

70 position control signal proportional to the difference 
in phase therebetween to an input of each of the 
summing circuits 116 and 1 16' as previously de- 
scribed. Similarly, the variable phase shifter 118' and 
the phase detector 130' of the phase control circuit 

75 11 4* are responsive to the reference signal of 
frequency fj-fs, to the other three bit select code 
signal from the computer 92, and to the second 
measurement signal of frequency f^— f 2 ±2Af La for 
supplying another position control signal propor- 

80 tional to the difference In phase between the 
selected output signal from the variable phase 
shifter 118' and the second measurement signal to 
the other input of each of the summing circuits 1 16 
and 116'. The sum and difference of these position 

85 control signals are applied to the selector circuits 109 
and 109' of the Y and X axes position control circuits 
96 and 94, respectively, of Figure 4 to extend the 
resolution of those position control circuits as pre- 
viously described. 

90 

CLAIMS 

1 . A stage movable along orthogonal first and 
second axes, said stage including a platform mov- 

95 able nominally along the first and second axes, first 
and second reference members mounted on the 
platform for movement therewith and nominally 
symmetrically disposed about the first axis in planes 
Intersecting one another nominally at the first axis, 

100 first and second measurement means provided for 
producing first and second measurement signals 
Indicative ofthe movement of the first and second 
reference members along first and second measure- 
ment paths nominally normal to the first and second 

105 reference members, respectively, while the platform 
is being moved along either the first or the second 
axis, and first and second control means responsive 
to the sum and the difference of the first and second 
measurement signals for constraining the platform 

110 to move along the orthogonal first and second axes. 

2. An Interferometrlcally controlled stage accord- 
ing to claim 1 wherein said platform Is movable 
nominally along the first and second axes in a first 
plane, said first and second reference members 

115 comprise first and second movable mirrors nominal- 
ly symmetrically disposed about the first axis in 
second and third planes nominally normal to the first 
plane and intersecting one another nominally at the 
first axis, said first and second measurement means 

1 20 comprise first and second interferometer systems 
for producing first and second measurement signals 
Indicative of the movement of the first and second 
movable mirrors along the first and second mea- 
surement paths, respectively, while the platform is 

125 being' moved along either the first or the second 
axis, and said first and second control means 
comprise first and second position control circuits 
responsive to the sum and the difference of the first 
and second measurement signals for moving the 

130 platform along the orthogonal first and second axes 
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from one position to another with the first axis 
bisecting the angle between the first and second 
movable mirrors. 

3. An interferometrically controlled stage accord- 
5 Ing to claim 2 wherein said first and second Interfer- 
ometer systems produce first and second measure- 
ment signals proportional to the velocities of the first 
and second movable mirrors along the first and 
second measurement paths, respectively, while the 

10 platform Is being moved along either the first or the 
second axis of the stage, and said first and second 
position control circuits integrate the sum and the 
difference of the first and second measurement 
signals with respect to time to produce first and 

15 second actual position signals proportional to the 
sum and the difference, respectively, of the displace- 
ments of the first and second movable mirrors along 
the first and second measurement paths, respective- 
ly, and move the platform along the orthogonal first 

20 and second axes of the stage as determined by the 
differences between those first and second actual 
position signals and first and second desired posi- 
tion signals, respectively. 

4. An interferometrically controlled stage accord- 
25 ing to either one of claims 2 and 3 wherein said stage 

includes a chuck mounted on the platform for 
movement therewith and for holding a workplece to 
be successively stepped to different positions with 
respect to a utilization device and said first and 

30 second position control circuits are responsive to 
successive pairs of first and second desired position 
signals for successively stepping the platform to 
different positions along the orthogonal first and 
second axes to successively position different re- 

35 glons of the workplece with respect to the utilization 
device. 

5. An interferometrically controlled stage accord- 
ing to any one of claims 2, 3 and 4 wherein said stage 
includes a granite block, said platform comprises a 

40 first platform mounted for movement on the granite 
block nominally along the first axis, said stage 
includes a second platform mounted for movement 
on the granite block nominally along the second 
axis, said first platform being coupled to the second 

45 platform for movement therewith along the second 
axis, and said first and second position control 
circuits are coupled to the first and second plat- 
forms, respectively, for moving the first platform 
along the orthogonal first and second axes in 

50 response to the sum and the difference of the first 
and second measurement signals, respectively. 

6. An interferometrically controlled stage accord- 
ing to claim 5 comprising first combining means 
responsive to the first and second measurement 

55 signals for applying a signal respresentative of the . 
sum of those signals to the first position control 
circuit and second combining means responsive to 
the first and second measurement signals for ap- 
plying a signal respresentative of the difference of 

60 those signals to the second position control circuit 

7. An interferometrically controlled stage accord- 
ing to Claim 6 wherein said first position control 
circuit comprises first counter means, coupled to the 
first combining means, for Integrating the sum of the 

65 first and second measurement signals with respect 



to time to produce a first actual position signal 
proportional to the sum of the displacements of the 
first and second movable mirrors along the first and 
second measurement paths respectively, first regis- 

70 ter means for receiving a first desired position 
signal, first comparator means, coupled to the first 
counter means and to the first register means, for 
producing a first comparison signal equal to the 
difference between the first actual and desired 

75 position signals, and first drive means coupled to the 
first comparator means and to the first platform, for 
moving the first platform along the first axis to a 
position designated by the first desired position 
signal, and said second position control circuit 

80 comprises second counter means coupled to the 
second combining means, for integrating the differ- 
ence of the first and second measurement signals 
with respect to time to produce a second actual 
position signal proportional to the difference of the 

85 displacements of the first and second movable 
mirrors along the first and second measurement 
paths, respectively, second register means for re- 
ceiving a second desired position signal, second 
comparator means, coupled to the second counter 

90 means and to the second register means, for produc- 
ing a second comparison signal equal to the differ- 
ence between the second actual and desired position 
signals, and second drive means coupled to the 
second comparator means and to the second plat- 

95 form, for moving the first platform along the second 
axis to a position designated by the second desired 
position signal. 

8. An interferometrically controlled stage accord- 
ing to claim 7 wherein said first drive means 
100 comprises a first motor, coupled to the first platform, 
for moving the first platform along the first axis, a 
first summing circuit responsive to the first compa- 
rator means and to a source of signal related to the 
speed of the first motor, for producing a signal 
105 related to the difference between a desired signal 
and the signal related to the speed of the first motor, 
and a first servo drive circuit coupled to the first 
summing circuit and to the first motor, for driving 
the first motor to move the first platform along the 

110 first axis to the position designated by the first 

desired position signal, and said second drive means 
comprises a second motor, coupled to the second 
platform, for moving the first platform along the 
second axis, a second summing circuit responsive to 

115 the second comparator means and to a source of 
signal related to the speed of the second motor, for 
producing a signal related to the difference between 
a desired signal and the signal related to the speed 
of the second motor, and a second servo drive 

120 circuit coupled to the second summing circuit and to 
the second motor, for driving the second motor to 
move the first platform along the second axis to the 
position designated by the second desired position 
control signal. 

125 9. Ah interferometrically controlled stage accord- 
ing to any one of claims 5, 6, 7 and 8 wherein said 
first platform Is movable along the first and second 
axes of the stage In a horizontal plane, and said first 
and second movable mirrors are each mounted in a 

130 vertical plane. 
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10. An i nterferom etrical ly controlled stage 
according to claim 9 wherein a holder is fixedly 
mounted with respect to the stage and disposed 
above the first platform for holding a reticle to be 
5 imaged onto the workpiece held by the chuck, and a 
projection lens is fixedly mounted with respect to the 
stage and disposed between the holder and the first 
platform for projecting an image of the reticle held 
by the holder onto the workpiece held by the chuck, 
10 and said first and second position control circuits are 
responsive to successive pairs of first and second 
desired position signals for successively stepping 
the first platform to different positions along the 
orthogonal first and second axes to successively 
1 5 position different regions of.the workpiece with 
respect to the reticle in a stepping operation. 

11. An interferon! etrically controlled stage 
according to either one of claims 9 and 10 wherein 
first and second stationary mirrors are fixedly 
20 mounted with respect to the first platform and 
disposed nominally parallel to the first and second 
movable mirrors, respectively, said first Interfero- 
meter system includes first optical means for direct- 
ing input light of afirst frequency along the first 
25 measurement path to the first movable mirror, for 
directing input light of a second frequency along a 
reference path to the first stationary mirror, and for 
combining light reflected at least once from the first 
stationary mirror and light reflected at least once 
30 from the first movable mirror and shifted In frequen- 
cy, as me first platform is moved along either the 
first or the second axis to provide a first output beam 

of light having a first component of the same 
frequency as the light reflected at least once from the 
35 first movable mirror and a second component of the 
same frequency as the light reflected at least once 
from the first stationary mirror, first photoelectric 
detector means for receiving the first output beam of 
light and for producing therefrom a first output 
40 signal having a frequency equal to the difference in 
frequency of the first and second components of the 
first output beam of light, and first mixing means, 
coupled to the first photoelectric detector means and 
to a source of signal having a frequency equal to the 
45 difference in frequency of the Input light of the first 
frequency and the Input of the second frequency* for 
producing the first measurement signal, and said 
second Interferometer system includes second op- 
tical means for directing input light of a first 
50 frequency along the second measurement path to 
the second movable mirror, for directing input light 
of a second frequency along a second reference path 
to the second stationary mirror, and for combining 
light reflected at last once from the second station- 
55 ary mirror and fight reflected at least once from the 
second movable mirror and shifted in frequency, as 
the first platform Is moved along either the first or 
the second axis to provide a second output beam of 
light having a first component of the same frequency 
60 as the light reflected at least once from the second 
movable mirror and a second component of the 
same frequency as the light reflected at least once 
from the second stationary mirror, second photo- 
electrical detector means for receiving the second 
65 output beam of light and for producing therefrom a 



second output signal having a frequency equal to the 
difference in frequency of the first and second 
components of the second output beam of light and 
second mixing means, coupled to the second photo- 
70 electric detector means and to the source of signal 
having a frequency equal to the difference in fre- 
quency of the input light of the first frequency and 
the input light of the second frequency, for produc- 
ing the second measurement signal. 
75 12. An Interferometrically controlled stage sub- 
stantially as hereinbefore described with reference 
to the accompanying drawings. 

13. A position control circuit comprising first 
means responsive to a reference signal and to a 
80 control signal (select code) for producing an output 
signal haying the same frequency as the reference 
signal and having a phase determined by the control 
signal, and second means coupled to the first means 
and responsive to the output signal therefrom and to 
85 an Input signal having a frequency related to the 
reference signal for producing a position control 
signal proportional to the difference in phase be- 
tween the Input signal and the output signal from the 
first means. 

90 14. A position control circuit according to claim 
13 wherein said first means comprises a variable 
phase shifter, and said second means comprises a 
phase detector. 

15. A position control circuit according to daim 
95 14 wherein said variable phase shifter comprises a 
voltage controlled oscillator for producing an output 
signal having a frequency N times greater than the 
frequency of the reference signal, a division circuit 
coupled to the voltage controlled oscillator for 
100 producing an output signal having a frequency equal 
to the frequency of the output signal therefrom 
divided by N, another phase detector coupled to the 
division circuit and to the voltage controlled oscilla- 
tor and responsive to the output signal from the 
105 division circuit and to the reference signal for driving 
the voltage controlled oscillator to produce an 
output signal having a frequency N times greater 
than the frequency of the reference signal, a 6hift 
register coupled to the voltage controlled oscillator 
110 and to the last mentioned phase detector for produc- 
ing N output signals of different phase, and a data 
selector coupled to the shift register and to the 
first-mentioned phase detector and responsive to 
the control signal (select code) for applying a ^ 
116 selected one of the output signals from the shift 
register as determined by the control signal to the 
first-mentioned phase detector. 

16. A position control circuit substantially as 
hereinbefore described with reference to Figure 3 of 

120 the accompanying drawings. 

17. A position control circuit substantially as 
hereinbefore described with reference to Figure 4 of 
the accompanying drawings. 
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